ACI committee 363 (1) defined high strength concrete (HSC) as a concrete having cylinder compressive strength exceeding 41 MPa and it excludes concrete made using exotic materials or exotic techniques.
Generally, reinforced concrete members may be subjected to bending, shear and torsion sometimes with combination of others. Torsion on structural systems may be classified into two types (2) :
1. Statically determinate torsion, in which the torsion can be determined from static alone.
2. Statically indeterminate torsion, in which the torsion cannot be determined from static alone and the twist is required for deformational compatibility between interconnecting elements.
The present investigation studies the strength and behavior of high strength concrete L-shaped beam. These beams are subjected to the combined actions of bending, shear with or without torsion.
:
Rasmussen and Baker (3) (1995) studied the behavior of reinforced normal and high strength concrete beams subjected to pure torsion. For this purpose they cast twelve rectangular beams, three of them are NSC and the other HSC, taking the compressive strength as a variable only. They concluded the followings: -Zararis and Penelis (8) (1986) studied reinforced concrete T-beams in torsion and bending, taking into account the effect of reinforced flanges on the torsion capacity of reinforced concrete T-beams.
They predicted the following equations: The following points are concluded:
1. Two failure mechanisms were identified for T-beams, as well as for rectangular beams, subjected to combined torsion and bending. First mechanism corresponds to full cracking of the beam and occurs when torsion prevails. While the second mechanism corresponds to partial cracking of the beam and occurs when bending prevails.
2. The reinforced flanges contribution to the torsion capacity of the Tbeam is significant, especially when torsion prevails.
Experimental results show that for T-beams with reinforced flanges
there is an effective overhanging flange width in torsion greater than three times the flange thickness. 4. Special consideration should be given to T-beams with un reinforced flanges, where the ultimate strength should be limited to the web strength only.
Leung and Schnobrich (9) (1987) studied reinforced concrete beams subjected to bending and torsion, the diagonal compression field theory was extended to study the post cracking behavior of reinforced concrete sections subjected to combined axial force, biaxial bending and torsion. The theory assumes that when concrete cracks are formed by the torsion, the reinforced concrete member becomes a hollow section with varied wall thickness, which is then discretized into a wall element system. The torsion applied to the section is resisted by the stresses in the compression concrete members, which spiral around the beam at an angle of 45degree. This method of modeling is named diagonal compression field theory. They concluded the following points: -1. A diagonal compression field model is extended to combine loading and general cross section forms.
2. The model assumes that the section subjected to combined loading including torsion becomes a hollow section as a consequence of cracking. Thus the section is modeled as a wall element system.
3. The proposed model can be used to predict experimental results for combined bending and torsion of both rectangular and slab sections. 4. The proposed theory neglects the tensile strength of concrete, which in fact may be up to (10%) of compressive strength and therefore can not be ignored in some instances.
5.
The concept of concrete softening should improve significantly the prediction by the compressive field theory.
:
Ahmad and Lue (10) (1987) studied flexural -shear interaction of reinforced HSC beams, for this purpose they have taken fifty -four reinforced concrete beams using HSC which have ' >41.37 MPa and tested under monotonically increasing loads to determine the effect of shear on the flexural resistance capacity and failure mode .All the beams were designed as singly reinforced rectangular members without shear reinforcement. The variable parameters are shear span to effective depth 3. Empirical equations were developed to reflect the reduction in flexural strength of reinforced concrete beams due to influence of shear.
Roller and Russell (11) (1990) studied shear strength of HSC beams with web reinforcement, for this purpose they have cast ten reinforced concrete beams. All the beams were designed in accordance with the provision of ACI-318-83.The parameters taken as variables are: Compressive strength ranging between (69-124) MPa, and web reinforcement ranging between minimum to maximum according to ACI-Code. The results indicate that for non-prestressed HSC members subject to shear and flexural only, the minimum quantity of shear reinforcement specified in ACI 318-83 needs to be increased as the ' increases.
Rahal, and Collins (12) (1995) studied the analysis of sections subjected to combined shear and torsion. For this purpose a threedimensional behavior truss model capable of analyzing rectangular reinforced and prestressed concrete sections subjected to combined loading is presented. This model use the principles of the modified compression field theory (MCFT), and is capable of analyzing sections subjected to combined biaxial bending, biaxial shear, torsion and axial load. The model provides a check on spalling of the concrete cover for sections subjected to combined shear and torsion.
Rajagopalan, K.S. (13) (1980) studied combined torsion, bending and shear on L-beams. In the research fifteen long beams subjected to combined loading are taken, which is represented as an eccentric single load act at center of span. The objectives of his study were:
1. The effect of torsion on the steel stress in the main longitudinal bars.
Checking Behera's interaction equation, used for beams having h /bw equal to 2.
He proposed the following equations: He concluded the following points:
1. Behera's interaction surface adequately predicts the ultimate strengths of beams under torsion combined with flexural and shear.
2. The stresses at diagonal cracking are smaller in beams with h/b w =3 compared to those with h/b w =2.
3. The presence of torsion induces additional tension in the ρ w . This excess tension generally varies in the same way as the twist angle. This excess steel stress corresponding to any twist angle seems independent of the stirrups.
All the tested specimens have the dimensions of about (b w =220mm, b f =320mm, h=300mm, hf=110mm and L=2200mm), these dimensions are identifiable with ACI Code (ACI 318R-99) section 8-10 as shown in Fig. (1a) . Different methods for distribution of the longitudinal steel bars can be observed in two layers in shear span only as shown in Fig.  (1b) .The tested specimens were divided into three groups [C, D and E] as given in Table ( 1) . All the beams were designed to fail in torsion ,and the variables in each group are transverse to longitudinal reinforcement ratio for torsion ( t / L ) which ranged between [0and 6.8], the compressive strength of concrete ranged from 30 MPa to70MPa and the eccentricity of loading on beams which ranged from 80 mm to 170 mm.
In the present investigation the initial proportions were based on those attained by Aziz (14) and Buni (15) and the following steps were followed: -A .The fine and coarse aggregate were sieved, washed and air dried.
B. Slump tests were made on different mixes having different amounts of cement content to give slump between (5-100 mm).
C. Trial mixes were made, the aggregate to cement ratio ranged between (2.6-4.89). The following equation can be solved for the total aggregate weight, knowing the weight of cement, water and the bulk specific gravity of the materials: 1 … (7) Where W w , W c , W s , W g & W Ad are weight of water, cement, sand , gravel and admixture respectively and γ w ,γ c , γ s , γ g and : are the bulk specific gravity of water, cement, sand , gravel and admixture respectively. D. For each concrete mix six cylinders (150 x 300mm) were cast; three of them tested at age of 7 days and the other at age of 28 days.
E. Some of mixing process for the trial mixes was done by means of hand.
F. Then the mix proportions of beams selected to obtain different compressive strength as shown in Table ( The mixing procedure is important for obtaining the required workability. A (0.08 m 3 ) tilting mixer was used. The interior surface of the mixer was cleaned and moistened before placing the materials; initially the coarse aggregate and fine aggregate were put in the mixer, followed by 25% of the mixing water with admixture to wet them. Then the cement was added, followed by 75% of the remaining water with admixture .The mixing operation continued until uniform mix obtained.
Casting was started by placing the mixture inside the steel molds using a trowel, the mixture was placed in three layers and each layer was vibrated for about 20 seconds using internal vibrator. The top layer was vibrated until the number of bubbles appeared on the surface was reduced and finished with a steel trowel. After five hours the molds were covered with damp canvas cloth and left in the laboratory for about twelve hours. Then the specimens were taken out in molds and covered with the damp canvas for twenty -eight days after that left in air temperature and humidity until date of testing.
Slump test according to ASTM C143 (16) was done on the fresh concrete while tests for compressive strength, splitting tensile strength, modulus of elasticity and Poisson's ratio were carried out on the hardened concrete.
The test procedures followed ASTM C39 (17) . Standard steel cylinders (150 mm in diameter by 300mm height) were used, with casting of beams, three cylinders were cast, and each cylinder cast in two layers. The specimens were cured by immersing in saturated lime water for about 28-days then left at air moisture at a room temperature (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . The concrete cylinders were tested at age of 120-days except beams C-I-1, C-I-2, and C-I-3 were tested at age of 28 days.
The splitting tensile strength of concrete specimens was carried out according to ASTM C496 (18) .
The determination of static modulus of elasticity followed ASTM C469 (19) .Cylinders of 150mm in diameter and 300mm in height were used. The cylinders were cast and cured in saturated lime-water as those of compressive and splitting tensile strength tests. This test method provides a stress to strain relationship for hardened concrete under compression (19) .
Vertical deflections were measured at the mid-span of the beams and under the point loads using a dial-gauge of (30) mm with a minimum reading of (0.01) mm.
The beams were prepared one day before testing; the beams were painted by white color prior to testing in order to view crack propagation. An eighty -tons hydraulic testing machine used for testing the beams and shaft steel beam was used; with a span between two point loads of [40cm] in order to transfer the applied point loads on the beam. Initially the zero load readings for the mechanical strain gauges as well as the dial gauges were recorded and recheck the zero load reading. At each load stage the concrete surface strains and the dial gauge readings were taken, indicating cracking on surface of concrete , deflection at center and point load then the testing continued until the beam showed a drop in loading with increasing deformation. The load was applied on the beams as indicated in ACI committee through the loading structure (Fig. 2 ) When the longitudinal reinforcement for bending , torsion and transverse reinforcement for shear and torsion in beams are constant and under the same eccentricity , an increase in compressive strength by ( 111.9%) has caused an increase in cracking shear strength and load carry capacity by about ( 131.26% and 22.9 %) respectively as given in Table( For beams which have the same longitudinal reinforcement for torsion of (1.02 %) and the same amount of transverse reinforcement index for torsion of (0.07%) , when eccentricity is increased from 80 mm to 170 mm, cause an increase in torsional resisting moment by about (21.53%) after subtracting effect of compressive strength as shown in Fig.(3) . While an increase in torsional longitudinal reinforcement ratio from 1.02% to 1.96% and transverse reinforcement index from 0.07% to 0.11% , and increase in eccentricity from 80 mm to 170mm causes an increase in torsional resisting moment from (21.53 %) to (24.47 %) due to earlier yielding of reinforcement3).
For beams under load eccentric by 80 mm from centerline , an increase in longitudinal reinforcement for torsion by about (90.29%) causes an increase in load carry capacity by about (11.17%) ,while an increase in eccentricity from 80 mm to 170mm cause a decrease in load carry capacity from (11.17 %) to (7.34%) as shown in Fig.(4) .
For beams under eccentricity of 80 mm, an increase in transverse reinforcement index for torsion by (66.34%) causes an increase in shear strength at ultimate load after subtracting the effect of compressive strength by (27.3%).
For beams under eccentricity of 80mm, an increase in transverse to longitudinal reinforcement ratio for torsion by about (21.43%) causes a decrease in ultimate resisting torsional moment by about (13.19%), while an increase in eccentricity from 80 to 170 mm causes a decrease in resisting torsional moment from (13.19%) to (15.44%) as shown in Fig.(5) .
Load versus deflection at mid span for beams under eccentric loads is shown in Fig. (6, 7, 8 and 9 ). The figures indicate that the deflection is increased at failure due to increasing in longitudinal reinforcement. The effect of both shear reinforcement and longitudinal reinforcement is negligible at a small percent of loading; beyond this load it becomes clear, curves are initiated in a linear form with constant slope at small percent of loading, and then rapidly changes to non-linear form with changing in the relation (slope). It can be seen from the Fig.(7) , the values of deflection at ultimate load are greatest for beams with large amount of longitudinal reinforcement ratio if eccentricity is 80 mm, but when eccentricity is increased, thus deflection decrease as shown in Fig.(9) . Deflection has decreased for beams under torsion when longitudinal reinforcement increases.
At the same torsional percent (i.e; T/Tu) and the same eccentricity, an increase in torsional longitudinal reinforcement causes the increase in deflection at mid span. While for beams under large applied torque effect of this reinforcement is reduced as shown in Fig.( 10, 11,and 12) .
The angle of twist for beams in groups (C, D & E) was measured over the point load location of the span. The torque -twist curve for group C, D and E are shown in Figures (13, 14, 15 & 16) . The shape of torquetwist curve for beams tested in high torsional moment can be described as a linear curve ascending from the origin until the cracking torque is reached. Beyond the cracking torque, a distinct reduction in the slope is apparent.
In beams C-0,C-I,C-II,D-I,D-II,E-I and E-II Cracks may be observed in the shear span which has formed as a result of inclined tensile stress; the crack appears at the flange then extends to the bottom of the web. While with the increasing of load , crack at flange side extends spirally to the top at positive moment position then causing failure when this crack is connected between the location of the two point loads and the type of the crack is called helical crack. Typical crack patterns beams in-group C, D and E are shown in Fig. (17) . The reference beam E2 failed in diagonal tension cracks (torsion) according to the following sequence: . .
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. 69 … (8) In addition to [13] beams in this work, [16] beams in other literature (19) are taken to predict cracking torque, for this purpose Multiple nonlinear stepwise regression is used, and the best proposed equation can be written as follows:
Thirteen beams are taken in this work and used to predict the equation of cracking shear strength of beams under bending, shear and torsion. The equations attained by multiple stepwise regression method, and the best proposed equation can be written as follows:
. 69
… (8)
In addition to [13] beams in this work, [16] beams in other literature (19) are taken to predict cracking torque, for this purpose Multiple nonlinear stepwise regression is used, and the best proposed equation can be written as follows:
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… (8)
This equation has clearly shown the effect of concrete compressive strength on the cracking torque.
Multiple nonlinear stepwise regression method is used to predict equation for determining ultimate torque. In addition to [13] beams from this work and [16] beams in the other literatures (20) , and the most practical equation can be written as follows: The cracking shear strength calculated by proposed equation (8) and equations given by codes of practice are listed in Table ( The cracking torque calculated by the proposed equation (9) and the equations given by some codes of practice are listed in Table ( The following conclusions can be stated:
An increase in the eccentricity of loading on beam by 112.5% causes a decrease in ultimate resisting torsional moment by (15.44%) .
. An increase in torsional longitudinal reinforcement by 90.29% causes an increase in load carry capacity by (7.34%).
. An increase in torsional transverse reinforcement by 66.34% causes an increase in shear strength at ultimate load by 27.3% .
. If the applied torque is increased, the deflection at failure is reduced.
The proposed equations show good agreement when compared with the equations given by codes of practice such as (ACI, Canadian, and BS).
:
